Aim
To evaluate adherence to chronic cardiovascular drug treatments, in terms of long-term persistence and dose coverage.
Methods
General practice prescription data of antihypertensives, lipid-lowering agents, oral hypoglycaemic agents and nitrates were collected over a 5-year period (1998) (1999) (2000) (2001) (2002) in a Northern Italian district (Ravenna, 350 000 inhabitants). We selected subjects (>40 years) receiving at least one prescription of the above drugs in December 1999. For each patient, we documented the regimen at the time of selection and evaluated adherence to treatment during the following 3 years in terms of persistence (at least one prescription per year) and daily coverage (recipients of an amount of medication consistent with daily treatment).
Introduction
Cardiovascular diseases are the main cause of premature death in most Western countries. They represent an important source of disability and contribute in large part to the escalating cost of healthcare [1] . More than one-third of the adult Italian population and more than one-half of elderly subjects need pharmacological cardiovascular risk prevention [2] (see also http:// www.cuore.iss.it). Although cardiovascular drugs represent almost 50% of all reimbursed prescriptions (among these, 70% are antihypertensive prescriptions) [3] , it is well known that hypertension, diabetes and hyperlipidaemia are not adequately controlled in a large proportion of cases [2] . In almost all cases, in order to guarantee efficacy (prevention of cardiovascular events or stroke) treatment with cardiovascular drugs should be chronically maintained in patients with hypertension, hyperlipidaemia, angina, diabetes or heart failure.
Despite recommendations, studies in different countries, even in populations at high cardiovascular risk, have found poor adherence to chronic cardiovascular treatments [4] [5] [6] [7] [8] . Our group recently reported that the withdrawal rate is exceedingly common in subjects treated with antihypertensive agents (AHAs), particularly during the first year of treatment [9] . This finding prompted us to extend this study by comparing the pattern of use of different drug classes in terms of adherence to therapy, in conditions where risk perception may be different.
The specific aim of this study was to evaluate the pattern of use of the main classes of chronically used cardiovascular drugs in an Italian population, focusing on adherence to treatment. In particular, we considered AHAs, lipid-lowering drugs (LLDs), oral hypoglycaemic agents (OHAs) and nitrates in order to estimate population exposure and to obtain information about adherence by patients, in terms of long-term persistence and dose coverage. Patient-and drug-related elements (e.g. age, gender, drug class, polypharmacy vs. monotherapy) associated with non-adherence were also considered.
Methods

Data collection
Prescription data of cardiovascular drugs were retrieved from the Emilia Romagna Regional Health Authority Database [10] , which provides the following information for each reimbursed prescription: identification code of the drug, Anatomical Therapeutic Chemical (ATC) code, number of packages and number of defined daily doses (DDD) dispensed [11] , code of the patient, date of prescription. The patient code allows retrieval of their drug history without individual identification. The protocol was approved by the institutional ethics committee.
We collected data of all drugs labelled for the chronic treatment of hypertension, diabetes, hyperlipidaemia or angina prescribed by general practitioners (GPs) and reimbursed between January 1998 and December 2002 by a Local Health Authority of Emilia Romagna (Ravenna district, with both urban and rural areas, 350 000 inhabitants). The following ATC codes were considered: C02, C03, C07, C08, C09 -drugs labelled for the chronic treatment of hypertension (agents acting on a-adrenergic receptors, diuretics, b-blockers, calcium channel blockers and agents acting on the renin-angiotensin system); A10B -oral antidiabetic drugs; C10 -lipid-lowering agents; and C01DA -nitrates (all but sublingual nitroglycerin).
Cardiac glycosides, low-dose aspirin and insulin preparations were not included in the present analysis because of the limited reliability of data drawn from the National Health Service (NHS) prescription database (see further in Discussion).
Selection of patients
In order to recruit adult patients receiving cardiovascular medications for chronic treatment, we selected subjects aged Ն40 years, permanently living in the area throughout the study period (from 1998 to 2002) and receiving at least one prescription of the drugs listed above in December 1999. For each therapeutic category (AHAs, LLDs, OHAs and nitrates), we identified two groups: (i) patients already on treatment, represented by the subjects receiving at least one prescription of the same therapeutic category during the period January 1998 to November 1999; and (ii) new patients, represented by the subjects having their first prescription in December 1999 (and without any prescription of these drugs during the period January 1998 to November 1999).
Data analysis
For each therapeutic category, prescriptions of each patient were analysed for the 3 years following recruitment (December 1999). Therapeutic regimens were those recorded at recruitment. Adherence to treatment was then evaluated in terms of (i) persistence and (ii) coverage. (ii) Patients were defined as covered when the amount of drugs of the same category received during each of the 3 years of the study was consistent with a daily treatment. To this purpose, we identified the minimal daily dose recommended for maintenance therapy for each drug and calculated the total number of minimal doses of each agent received, by the patient, year by year. Patients reaching at least 300 minimal doses per year were considered as covered, allowing a tolerance of~20% over the 365-day period.
Data were analysed by Epi-Info, version 2002 (http:// www.cdc.gov/epiinfo/). The relationship between age groups and rate of coverage was analysed by c 2 test for trend. Coverage with different therapeutic regimens was analysed by non-adjusted odds ratio.
Results
In December 1999, 10% (n = 32 068) of the population permanently living in the Ravenna area during the reference period received cardiovascular prescriptions. The cohort had a female:male ratio of 1.3, reflecting the same proportion as in the general population.
Most patients (n = 27 316) received AHAs: among these, 934 were new patients and 26 382 were already on treatment at recruitment; 5264 received LLDs (352 new patients); 2632 received OHAs (142 new patients), and 1948 received nitrates (77 new patients).
Rate of persistence
Patients already on treatment Persistence was virtually complete in the first year of analysis for all therapeutic categories, with a modest decline in the following years, which was minimal for nitrate recipients (2% after 3 years), intermediate for patients receiving AHAs (4% after 3 years) and more pronounced for patients under LLDs or OHAs, but even in these two groups the dropout rate was <10% (Figure 1 ).
New patients Persistence was very high among nitrate recipients, being complete in the first year and not less than 95% in the following 2 years ( Figure 2 ). This level of persistence was similar to that observed for patients already on treatment. In contrast, in the other three therapeutic categories, marked differences were seen among persistence rates of patients already on treatment vs. new patients. Namely, patients treated with AHAs and LLDs showed a persistence rate of 56 and 59%, respectively, in the first year, decreasing to 42% and 52% in the second year, with no further decrease in the third year. The lowest rate of persistence was observed in patients treated with OHAs.
Rate of coverage
Patients already on treatment Rates of coverage in each of the 3 years following recruitment are shown in Figure 1 and Table 1 . In all categories, percentages of patients covered were much lower than the corresponding values for persistence and the yearly decline was even more pronounced than that observed for persistence. OHA-treated patients started at the relatively higher rate of coverage (72%), which decreased to 57% New patients In these patients also, the rates of coverage were largely lower than the corresponding values of persistence ( Figure 2 and Table 1 ). This discrepancy was less pronounced for patients treated with OHAs, who showed similarly low rates for both persistence and coverage. For all therapeutic categories, a decline of the rate of coverage was observed during the 3 years of the study. New subjects treated with AHAs, LLDs and OHAs showed a markedly lower rate of coverage than subjects already on treatment (16% vs. 61%, 18% vs. 40% and 29% vs. 72%, respectively, in the first year). In contrast, the rate of coverage for subjects treated with nitrates was almost the same in new vs. patients already on treatment.
Determinants of the rate of coverage
Age and gender The rate of coverage was significantly higher in older patients among those treated with AHAs (c 2 for trend = 10.48; d.f. = 1; P < 0.05) and those treated with OHAs (11.95; d.f. = 1; P < 0.001). In contrast, no significant age trend was observed in the case of patients under LLDs ( Table 1 shows the statistical analysis of the rate of 3-year coverage by drug class within each therapeutic category. Among patients already on treatment, we observed significant differences within antihypertensive categories. Patients on a-blockers, combinations, calcium channel blockers and loop diuretics showed a significantly higher rate of coverage than those treated with ACE-inhibitors (78-52% vs. 40%), whereas patients treated with thiazide-like diuretics and b-blockers showed a significantly lower rate of coverage (35%). In the category of LLDs, patients treated with combinations were more frequently covered than those who used only statins (60% vs. 23%), whereas patients taking fibrates were very rarely covered (17%). However, combination therapy was prescribed only to a minority of all recipients of LLDs (<1%). Patients on hypoglycaemic monotherapy showed a higher rate of coverage than those treated with combination regimens (67-71% vs. 45%) and, finally, within nitrates, those with nitroglycerin patches showed a lower coverage than those with isosorbide or combinations (40% vs. 57-69%; see Figure 3 ).
Therapeutic regimens
Among new patients, the only significant difference in terms of rate of coverage was observed for patients using nitrates: in particular, those taking isosorbide were more frequently covered than subjects receiving nitroglycerin (40% vs. 32%). When considering together the drugs prescribed for the prevention of global cardiovascular risk (AHAs, LLDs and OHAs), the rate of coverage within each category was higher when patients received additional treatment for other risk factors (see Table 2 ): the coverage in AHAs increased for any cotreatment (from 45% for single category to 58-67% for cotreatments), the coverage in LLDs was only slightly influenced by the use of other categories, and the coverage in OHAs was mainly influenced by the concurrent use of LLDs (from 62% for OHAs alone to 80% for combinations with LLDs).
The overall coverage of patients receiving two therapeutic categories ranged from 18% (AHAs plus LLDs) to 50% (AHAs plus OHAs), and was minimal in patients concurrently exposed to the three therapeutic categories (14%).
Discussion
Lack of adherence to chronic cardiovascular treatments is an important matter of concern: although most people continued treatment over the years, <50% received an amount of drugs consistent with daily treatment, thus jeopardizing the proved beneficial effects of available medications.
A critical step in the adherence to cardiovascular treatments is represented by the first few weeks of therapy, when most withdrawals occur [12] . Afterwards, patients actually needing treatment were probably selected and they showed good persistence over time, although with 
Figure 3
Rates of coverage of patients already on treatment, by therapeutic regimen among the four therapeutic categories. Coverage is shown for each of the 3 years after the recruitment (black bars, first year; grey bars, second year; white bars, third year). The figures over the bars represent the number of patients at the time of recruitment poor coverage. Poor coverage may be ascribed to the use of a very low dosage or, more probably, to intermittent therapy, which means exposure to possible side-effects without proved benefit. Elderly patients had a higher rate of persistence than younger people. Moreover, males were more adherent to therapies than females, probably because men accept medical care only at a more advanced stage of the disease. A possible bias of this study is the lack of information on diagnosis, which may have led to the inclusion of a few patients receiving cardiovascular drugs for acute conditions. Thus, adherence might have been underestimated. However, a questionnaire-based survey performed in 2002 on a representative sample of the Italian population showed that <1% of patients received drugs of these categories for nonchronic indications [13] . On the other hand, because of the lack of diagnosis, more severe patients requiring daily doses higher than the minimum recommended may have been regarded as falsely adherent. We cannot rule out that the significantly higher adherence observed in older patients was partly due to this. However, we believe that our decision to use the minimal maintenance dose to calculate daily coverage was a reasonable compromise in the light of the potential risk of inflating non-adherence by using a higher reference dose.
Cardiac glycosides, low-dose aspirin and insulin preparations were intentionally excluded from this analysis. Cardiac glycosides have a very low prevalence of use in our population and, most of all, the high variability in the individual dosing regimen makes it hard to evaluate coverage. Concerning low-dose aspirin, in Italy not all preparations of this medicine are reimbursed by the NHS and therefore a prescription database is not an appropriate tool to evaluate adherence. Indeed, some Italian questionnaire-based studies addressing the pattern of use of low-dose aspirin have concluded that prescription of antiplatelets is still far from what is recommended [14, 15] . Insulin prescriptions were also excluded from our analysis, since insulin is often dis- pensed directly by the Diabetes Centres and those data cannot be easily retrieved. AHAs represented 85% of cardiovascular treatments for chronic purposes and were characterized by the highest rate of withdrawals: among all patients starting treatment, only 40% still received prescriptions 3 years later and only <10% used these drugs daily.
Considering all patients receiving AHAs, a very high variability among prescribed classes of drugs was seen: as we have already reported [9] , polypharmacy was associated with higher adherence to therapy (in terms of coverage, about 60% for major combinations and 35% for b-blockers or minor diuretics in the 3-year period). These findings suggest a possible selection of severe patients for the persistence in therapy.
Non-adherent patients could be divided into two groups. The first includes patients with mild hypertension, probably needing only lifestyle changes, and receiving pharmacological treatment too early. In this case, the risk of adverse effects and a waste of economic resources would represent the main cause of concern. The second group includes patients actually needing antihypertensive treatment, but unaware of the importance of pharmacological control of blood pressure. In these patients, treatment would have poor effectiveness.
A recent study [16] compared awareness of hypertension, prevalence of treatment and outcomes in terms of blood pressure control in some European countries, the USA and Canada. The authors observed in Italy a high awareness of the disease by physicians and a high prevalence of treatment, but poor blood pressure control compared with other countries. This finding seems to confirm that a number of patients are recognized as hypertensive, but not adequately treated. Also, Filippi et al. [17] have identified uncontrolled blood pressure as an important matter of concern in Italy, whether or not patients receive AHAs. A significant difference existed between patients receiving only AHAs (coverage 46%) and those also treated for other cardiovascular diseases (coverage 61%). This suggests the existence of two subgroups: those with higher cardiovascular risk, treated with multiple pharmacological strategies, who strictly adhere to therapy, and others with lower global risk, who are prescribed only AHAs and are probably less motivated to compliance. LLDs were associated with the lowest adherence among the categories considered in this study: only 23% of patients exposed to LLDs received an amount of drug consistent with daily treatment. Again, the high gap between persistence and coverage suggests a large proportion of intermittent use.
Some papers published in the last decade have shown very low adherence to LLDs [6, 18, 19] . Comparing our findings with those reported by Larsen et al. [6] , the prevalence of LLD use in Italy did not change during the 4-year period 1996-2000 (about 3% of population aged Ն40 years), but persistence was increased from 52% to 88% (data not shown), reaching values observed in 1996 in Denmark and considered by the authors a goal for the Italian population. As claimed by Larsen et al. [20] in a more recent paper, important cardiovascular prevention studies (e.g. 4S, Western Scotland [21] ) on the effectiveness of statins on cardiovascular events were viewed with favour by physicians. On the other hand, the marked difference of risk profile between patients in clinical trials and those receiving statins in general practice [22] [23] [24] may explain of the lack of adherence in the general population.
Similarly to AHAs, the low adherence to LLDs could be caused by poor perception of risk by the patient as well as by a deviation from the recommended approach to hypolipidaemic therapy. Indeed, lifestyle changes should be the first-line approach when the diagnosis is established. Besides misuse, some authors have identified underuse of statins, in terms of number of patients recruited for lipid-lowering treatment [25] . In Italy, 21% of adult men and 25% of adult women have cholesterol levels >240 mg dl -1 [2] (see also http://www.cuore. iss.it). If about 50% of patients with hyperlipidaemia need to be treated, then the prevalence of treatment of 3% found in Italy seems to be very low.
The large variability in prevalence of the treated population is probably explained also by the variability in the level of cardiovascular risk profile related to different lifestyles. Accordingly, Italy and Spain showed the lowest use of LLDs. Concerning adherence to drug therapy, our results are similar to those reported in other countries [23, [25] [26] [27] . Perreault et al. [25] , who found decreased persistence after 3 years (39%) in Canada, have claimed that 'barriers to persistence occur early in the therapeutic course' and this statement appears appropriate also in our case.
In contrast to other chronic cardiovascular diseases, immediate invalidating symptoms typical of angina can determine a greater perception of risk. As a consequence, it is not unexpected that nitrates represented the only therapeutic category with virtually complete persistence both for subjects already on treatment and for new patients, with only a slight difference in terms of coverage (>40% after a 3-year follow-up). In any case, also for nitrates a large proportion of patients did not use these drugs continuously, but, unlike other chronic cardiovascular therapeutic categories, this pattern should not be considered as inappropriate. Nitrates usually represent an add-on therapy in antianginal regimens based on oral b-blockers or calcium channel blockers [28] . Accordingly, we observed that 73% of patients were also receiving basal oral treatment for angina.
The highest percentage of coverage was observed for prevalent patients receiving OHAs. This fits well with the evidence that non-adherence represents an immediate threat to diabetes control. On the other hand, the results among incident patients showed very poor coverage, with a value of persistence corresponding to the lowest among cardiovascular therapies, representing an important matter of concern. The need for continuous treatment to reach good metabolic control and optimal treatment in terms of drugs and daily dosages may help to interpret our results: (i) more than half of patients starting OHAs withdrew, probably either switching to insulin or actually stopping treatment; (ii) the low difference between persistence and coverage could indicate a good use of drugs among patients who were assigned to OHAs at the end of the course of stabilization.
Only about 15% of all new patients who continued treatment were not covered. Current guidelines indicate that the first approach to treatment in Type 2 diabetes should be based on diet, exercise and lifestyle changes. Only in subjects who do not attain good metabolic control should oral hypoglycaemic agents be used. The low rate of persistence may be explained by inappropriate use of OHAs at the very beginning of disease, a treatment that needs to be stopped if patients achieve reasonable weight loss. In the long term, patients diagnosed with Type 2 diabetes may also need exogenous insulin, when metabolic control is no longer attained with oral treatment. Insulin prescription was not included in our analysis because insulin is dispensed directly by hospitals and data on its use cannot be retrieved. This limit could represent a bias for the estimation of persistence, but not for the gap between persistence and coverage.
Conclusions
Among subjects receiving chronic cardiovascular treatment, poor adherence to therapy is an important matter for concern, especially for AHAs and LLDs. In both cases, poor awareness of the importance of pharmacological control of cardiovascular risk factors or a premature start of pharmacological treatment could represent reasons for poor adherence. This hypothesis is supported by the higher adherence to treatments, such as those for angina and diabetes, for which the harmful effects that follow the discontinuation of therapy result in higher awareness of the importance of drug treatment.
In conclusion, considering (i) the higher adherence found in more severe patients (i.e. receiving complex regimens and medications for more than one chronic purpose) and (ii) the lack of achievement of therapeutic goals (e.g. in terms of blood pressure values or cholesterol concentrations) reported in the literature, we hypothesize the existence of three different groups of patients receiving chronic prescription of cardiovascular medications: (i) seriously ill patients, showing virtually complete adherence; (ii) patients actually needing chronic medications, but not adherent to treatment; (iii) subjects with a mild medical condition, who probably need only lifestyle changes, but are nonetheless given medications -these subjects may be less adherent because of unshared goals between patient and physician. To optimize resource allocation, major educational efforts should be addressed towards the second subgroup. The recent proposal of the metabolic syndrome [29] as a condition to identify subjects at higher risk who need multiple pharmacological treatments may help to check for persistence and coverage in more severe patients. Further studies including also clinical data (e.g. diagnosis, hospital admissions, blood pressure, cholesterol and glucose levels) are needed, in order to identify the determinants of low adherence to chronic cardiovascular treatment.
